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INTRODUCTION 

T h e  Grand  F o r k s  E n e r g y  Techno logy  C e n t e r  i s  ope ra t i ng  a 900 k g / h r  s lagging 
f i xed -bed  gas i f icat ion p i l o t  p l a n t .  T h e  p i l o t  p l a n t  was insta l led in 1958 a n d  was 
f i r s t  operated until 1965 (1). T h e  renewed i n t e r e s t  in p r o d u c i n g  s y n t h e t i c  na tu ra l  
gas a n d  t h e  env i ronmenta l  conce rns  associated w i t h  commercial-scale gas i f icat ion 
fac i l i t i es  l ed  t o  resumpt ion  o f  ope ra t i ons  o f  t h e  G r a n d  F o r k s  gas i f icat ion p i l o t  p lan t  
in 1976. A major ob jec t i ve  o f  t h e  renewed gasi f icat ion p rog ram was to  u t i l i ze  t h e  
gas i f i e r  t o  acqu i re  env i ronmen ta l  assessment da ta  f o r  a v a r i e t y  o f  l ow- rank  coals 
(2). O f  p a r t i c u l a r  i n t e r e s t  was t h e  i den t i f i ca t i on  a n d  character izat ion o f  e f f l uen ts .  
I t  has  been shown t h a t  t a r  composit ion can  b e  co r re la ted  w i t h  t h e  chemical 
p roper t i es  o f  t h e  l i g n i t e  gas i f i ed  (3) .  A deta i led u n d e r s t a n d i n g  o f  t h e  chemical 
composit ion a n d  s t r u c t u r e  o f  e f f l uen ts ,  such  as coal t a r ,  i s  o f  two - fo ld  importance. 
F i r s t ,  such unders tand ing ,  when  coupled w i t h  i n fo rma t ion  abou t  react ion condi t ions 
such  as tempera tu re  a n d  p a r t i a l  p r e s s u r e  o f  hyd rogen ,  p rov ides  c lues f o r  deduc ing  
s t r u c t u r a l  re la t i onsh ips  in t h e  l i gn i tes .  Second, knowledge o f  t h e  t a r  composit ion 
also p rov ides  gu idance  f o r  d e s i g n i n g  down-st ream e f f l u e n t  t rea tmen t  o r  b y - p r o d u c t  
r e c o v e r y  unit operat ions.  

A prev ious  pub l i ca t i on  (4)  p resen ts  da ta  o n  t h e  low-vol tage mass spect rometr ic  
analys is  o f  n i n e  t a r  samples, obta ined f rom t h e  gas i f icat ion o f  f o u r  l o w - r a n k  coals a t  
a v a r i e t y  o f  gas i f icat ion condi t ions.  Ex tens i ve  s ta t i s t i ca l  analys is  o f  t h e  data, 
s imi lar  t o  t h a t  p resen ted  he re ,  showed t h a t  t h e  major f ac to rs  a f fec t i ng  on  t a r  
composit ion a r e  t h e  p a r t i a l  p r e s s u r e  of h y d r o g e n  a n d  t h e  res idence t ime o f  t h e  coal 
in t h e  gas i f i e r .  These r e s u l t s  agree w i t h  conclus ions developed in o the r  
laborator ies (5). T h e  success obta ined in d e r i v i n g  these  re la t ionships f rom t h e  
mass spect rometr ic  analyses and  t h e  agreement  w i t h  known behav io r  o f  o the r  
systems led  t o  t h e  p r e s e n t  s t u d y  in wh ich  a t ten t i on  was focused o n  t w o  t a r  samples 
obta ined f r o m  t h e  gas i f icat ion o f  s imi lar  l i gn i tes  u n d e r  i den t i ca l  condi t ions.  T h e  
r e s u l t s  r e p o r t e d  h e r e  a r e  compared w i t h  da ta  f r o m  o t h e r  laborator ies t o  suggest  
re la t ionships between t a r  composit ion and poss ib le  s t r u c t u r a l  f ea tu res  in t h e  pa ren t  
l i gn i tes .  

EXPERIMENTAL 

Sample Preparat ion 

Samples of as-received gas i f i e r  t a r  were d i s t i l l e d  a t  reduced  p ressu re  t o  
remove wa te r  and  vo lat i le  light o i ls .  Sa tu ra te  determinat ions were  per formed b y  
co lumn chromatographic  e lu t i on  w i t h  hexane f rom n e u t r a l  alumina. Fract ions f o r  
high resolut ion mass spect roscopic  analys is  were  p r e p a r e d  by a method p rev ious l y  
desc r ibed  (6). 

Mass Spectrometry  (HRMS and  LVMS) 

The  ins t rumen t  used  was a n  AEI MS-30* single-beam h igh - reso lu t i on  mass 
spect rometer  i n te r faced  w i t h  a DS-50 da ta  system. Approx ima te l y  1 mg o f  gross 
sample o r  o f  column ch romatog raphy  f r a c t i o n s  was in t roduced  i n t o  t h e  mass spect ro-  
me te r  u s i n g  an  a l l -g lass heated i n l e t  system o p e r a t i n g  a t  -KOO°C. Source temp- 
e r a t u r e  was 3OO0C, t h e  i on  sou rce  p r e s s u r e  was 2 . 0 - 2 . 7 ~ 1 0  . Pa a n d  t h e  ion iz ing 
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Voltage was 70 eV. A medium resolut ion spec t rum (8000-9000 reso lv ing  power)  Was 
obta ined f o r  each f r a c t i o n  and  f o r  t h e  g r o s s  sample f o r  molecular formula 
assignment. 

Quan t i t a t i ve  data was obta ined by lower ing  t h e  ion izat ion potent ia l  t o  10 eV (7) 
and  decreasing t h e  reso lu t i on  t o  1500. A minimum o f  s i x  scans a r e  averaged and 
ca l i b ra t i on  w i th  known hyd roca rbons ,  o x y g e n  compounds a n d  n i t r o g e n  compounds 
was used t o  calculate concentrat ions f r o m  t h e  low-vol tage i n t e n s i t y  data.  

Gas Chromatography - Mass Spec t romet ry  (GC-MS) 

Materials were  analyzed by GC-MS u s i n g  a Var ian  2740 gas chromatograph 
coupled w i t h  a DuPont  21-4918 mass spect rometer .  A 1.2 m x 2 mm i.d. glass 
column packed w i t h  3% OV-17 on 80/100 Supe lcopor t  was used  f o r  compound 
separation. T h e  hel ium c a r r i e r  gas f low r a t e  was 30 ml /min a n d  t h e  column 
temperature was programmed f r o m  70-300°C a t  G°C/min. GC peak  areas were 
determined us ing  a Spec t ra  Phys ics System I compu t ing  i n t e g r a t o r  and  response 
factors  were measured w i t h  app rop r ia te  p u r e  s tandards .  T h e  ion  source was a t  
250°C and ion iz ing vo l tage was 70 eV .  

* Reference t o  speci f ic  b r a n d  names o r  models i s  done t o  fac i l i t a te  unders tand ing  
a n d  ne i the r  const i tu tes n o r  implies endorsement  b y  t h e  Depar tment  o f  E n e r g y .  

RESULTS A N D  CONCLUSIONS 

T h e  mass spect rometr ic  analys is  o f  t a r s  f rom t h e  gas i f icat ion o f  t w o  Nor th  
Dakota l ign i tes,  I n d i a n  Head ( I H )  a n d  Baukol-Noonan (BN),  p r o v i d e  t h e  basis f o r  
t h i s  s t u d y .  T h e  as-received p rox ima te  analyses o f  t hese  coals a r e  n e a r l y  ident ica l  
as shown in Table 1. T h e  u l t imate analyses, also shown in Tab le  1, ind i ca te  t h a t  
I nd ian  Head l i g n i t e  has a much lower  ca rbon /hyd rogen  atomic r a t i o  t h a n  does 
Baukol-Noonan l ign i te ,  1 . 2  and  2.3 respec t i ve l y .  However ,  t h e  maf o x y g e n  and 
n i t r o g e n  content  o f  t hese  coals a r e  n e a r l y  ident ica l .  T h e  o p e r a t i n g  condi t ions f o r  
gasif iSation o f  t h e  t w o  l i gn i tes  were n e a r l y  ident ica l :  2.1 MPa o p e r a t i n g  p ressu re ,  
170 m /hr oxygen  feed rate,  1.0 oxygen/steam molar ra t i o ,  a n d  41 minutes average 
coal residence t ime.  T h e  two  tes ts  f r o m  wh ich  these  samples were obta ined a re  
RA-52 ( I H )  and RA-66 (BN)  in t h e  c u r r e n t  gas i f i ca t i on  p rog ram.  Deta i ls  o f  these 
tes ts  have been pub l i shed  e lsewhere (8) .  

Tab le  2 g i ves  t h e  low-vol tage mass spec t romet r i c  ca rbon  number  da ta  f o r  t h e  
Comparison o f  aromatic po r t i on  o f  I n d i a n  Head (35%) a n d  Baukol -Noonan (37%) t a r s .  

t h e  t a r  analyses i nd i ca te  severa l  t r e n d s .  Baukol -Noonan 

TABLE 1. - Analyses o f  coa ls  g a s i f i e d  

I n d i a n  Head Baukol-Noonan 
l i g n i t e  l i g n i t e  

Mercer Co Burke Co 
Cen t ra l ,  ND Northwest, ND 

Proximate y i a l y s e s ,  % as r e c ' d  
Mois ture-  29.1 
V o l a t i l e  ma t te r  28.0 
F i xed  carbon 34.7  
Ash 8 . 2  

3 2 . 6  
26 .5  
3 4 . 6  

6 . 3  
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Ultimate analyses, % maf 
H 
C 
N 
S 
0 (by difference) 

4 . 8  
70 .8  

0 . 9  
1 . 8  

21 .7  

2.7  
13 .1  

0 . 9  
0 . 7  

2 2 . 1  

- 1/ These values do not represent as-mined moisture because of partial 
d r y i z g  duriag storage 2 3 4  handling; 

t a r  conta ins genera l l y  l a r g e r  amounts o f  compounds w i t h  n o  s u b s t i t u t i o n  a n d  larger  
amounts o f  two- ,  t h ree - ,  and  f o u r - r i n g  compounds. I nd ian  Head t a r  genera l ly  
t ends  t o  have  more o n e - r i n g  compounds. Tab le  3 shows some o f  t h e  comparisons. 

I nd ian  Head a n d  Baukol-Noonan t a r  analyses were compared w i t h  da ta  obtained 
by Hayatsu and  co -worke rs  (9).  T h e y  r e p o r t e d  t h e  r e s u l t s  o f  gas chromatographic  
analys is  of t h e  h y d r o c a r b o n - r i c h  f r a c t i o n  o f  3: 1 benzene/methanol ex t rac t i on  of 
Decker  l i gn i te .  T h e i r  chromatograms i d e n t i f i e d  approx imate ly  25 compounds isolated 
f rom t h e  l i g n i t e  e x t r a c t .  T h e  mass spect rometr ic  analys is  o f  t h e  gas i f i e r  t a r  
conta ins 17 o f  t h e  same compound t y p e s ,  based o n  2 number  and  molecular weight  
matches. T h e  major d i f f e r e n c e  between t h e  l i g n i t e  e x t r a c t  a n d  t h e  gas i f ier  t a r  i s  
t h a t  t h e  l a t te r  lacks t h e  highly s u b s t i t u t e d  compounds, such  as C benzenes o r  C5 
te t ra l i ns .  T h i s  d i f f e rence  i s  expec ted  when  condi t ions u n d e r  &?ich t h e  samples 
were p roduced  a r e  t a k e n  i n t o  account  s ince it is  genera l l y  cons idered t h a t  al iphatic 
s ide chains a r e  vu lne rab le  t o  thermal  c leavage during coal t a r  format ion (IO). 

Rank ing  compounds in gas i f i e r  t a r  by q u a n t i t y  f o u n d  p rov ides  a corre la t ion 
w i t h  pub l i shed  da ta  f o r  t h e  the rma l  s t a b i l i t y  o f  va r ious  po lynuc lea r  aromatic 
hyd roca rbons .  Sharkey  and  c o - w o r k e r s  (11) determined t h e  thermal  s t a b i l i t y  of 20 
compounds f rom t h e  p r o d u c t  r a t i o  of t h e  l i qu id -phase  p y r o l y s i s  o f  po lynuclear  
aromatic hyd roca rbons .  Tab le  4 shows t h e  comparison between t h e  publ ished 
thermal  s tab i l i t y  r a n k i n g  a n d  q u a n t i t i e s  obse rved  in I n d i a n  Head gas i f i e r  t a r .  

I n  genera l ,  o n l y  those compound t y p e s  t h a t  could b e  i den t i f i ed  unambiguously  
a re  i nc luded  in t h e  tab le.  F o r  example, compounds w i t h  a Z number  o f  -16 may be 
f luorenes o r  acenaphthalenes; and  t h e r e f o r e  a re  n o t  i nc luded  in t h e  tab le .  A n  
except ion i s  2 ,6-d imethy lnaphthalene (Z= -12, MW=156); a l t hough  a n  unambiguous 
assignment was n o t  made, t h e  2,6-isomer i s  r e p o r t e d  t o  be  more s tab le t h a n  some 
o t h e r  d imethy lnaphthalenes (12) and i s  one o f  o n l y  t w o  isomers r e p o r t e d  in low 
tempera tu re  carbonizat ion t a r  in an e x t e n s i v e  compilat ion (13). T h e  s imi lar i ty  o f  
t a r  f r o m  t h e  GFETC gas i f i e r  t o  t h a t  o f  o t h e r  low- temperature carbonization 
processes has  been shown p r e v i o u s l y  (14). 

Since unequivocal  i den t i f i ca t i ons  w e r e  I l o t  made as a p a r t  o f  t h e  s t u d y  repor ted 
here,  no  a t tempt  was made t o  co r re la te  these compounds w i t h  o t h e r  da ta .  The 
Spearman r a n k  co r re la t i on  (15) f o u n d  f o r  t h i s  r a n k i n g  was 0.725; a va lue o f  t h i s  
magn i tude  could occu r  by chance w i t h  less t han  0.01 p r o b a b i l i t y .  

T h e  t a r  samples used  in t h i s  s t u d y  were chosen f r o m  tes ts  a t  identical 
gasif icat ion condi t ions t o  el iminate t h e  e f fec ts  o f  ope ra t i ng  condi t ions on tar 
composit ion wh ich  have  been r e p o r t e d  p r e v i o u s l y  (16). T h e  major d i f ference 
between t h e  t w o  l ign i tes,  c a r b o n / h y d r o g e n  rat io ,  ind icates t h a t  Baukol -Noonan has 
a more aromatic n a t u r e  t h a n  does I n d i a n  Head l i gn i te .  Thermal  c r a c k i n g  of these 
coals d u r i n g  gas i f icat ion r e s u l t s  in d i s t i n c t l y  d i f f e r e n t  t a r s .  Baukol -Noonan l ign i te  
produces a more aromatic t a r ,  p resumab ly  as a r e s u l t  o f  t h e  i n i t i a l  loss o f  smaller 
a l iphat ic  u n i t s  d u r i n g  carbonizat ion.  A n  ind i ca t i on  o f  t h i s  react ion may be the 
g r e a t e r  amounts o f  methane p r o d u c e d  during t h e  gas i f icat ion o f  Baukol-Noonan 
l i g n i t e  as compared to lnci iar i  i i e a d  l i g n i t e  (Tab le  5). It has been shown p r e v i w s l y  
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TABLE 3. - Comparison of Indian Head and Baukol-Noonan tars 

1 Ring 
-6 92 

106 
120 

-8 132 
146 
160 

- 10 130 

2 Ring 
-12 128 

142 
156 

-14 154 
168 
182 

-16 152 
166 
180 

3 Ring 

4 Ring 

-18 

-22 

-24 

178 
192 
206 

202 
216 
228 
242 

IH (%I 

0.2 
0 .2  
0 .4  
0.7 
1.3 
1.1 
0.3 

3.0 
2.2 
1.3 
0.8 
0.6 
0.5 
2.0 
2.8 
0.7 

2.3 
0.9 
0.6 

1.8 
0.6 
0.6 
0.2 

0.2 
0.2 
0.3 
0.6 
0.9 
1.0 
0.2 

0.6 
1.2 
1.2 
0 .9  
0.7 
0.6 
1 . 7  
3.0 
0.9 

3.2 
1.2 
0 . 9  

2.4 
0.8 
0.7 
0.3 
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II 

J Compound 

TABLE 4. - Comparison of thermal stability with 
observed quantity in Indian Head tar 

Thermal stability 
ranking 

Naphthalene 
E‘yrene 
C hrys ene 
2 - Methylphenanthrene 
Acenaphthene 
1 - Phenylnaphthalene 
2,6 - Dimethylnaphthalene 
a - Methylnaphthalene 
1,2 - Diphenylethane 
Dihydroanthracene 
1 - (0-tolyl) - Naphthalene 
Indene 
Indane 

Quantity observed in 
Indian Head tar 

Rank Quantity 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

3.00 
1.81 
0.59 
0.91 
0.83 
0.47 
1.34 
2.16 
0.48 
0.69 
0.31 
0.00 
0.07 

TABLE 5. - Analyses of hydrocarbons in product gas 

IH - 

Component (%) 

CH4 

C2H4 

C2H6 

C3H6 

C3H8 

‘qH1O 
Total HC’s 

5 .1  

0.2 

0.3 

0.1 

0.0 

0.0 

5.7 

R a n k  
1 
3 
8 
5 
6 

10 
4 
2 
9 
7 

11 
13 
12 

BN 

6.0 

0.2 

0.3 

0 .1 

0.0 

0.0 

6.6 
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(17) b y  two-s ided comparison o f  t h e  means t h a t  t h e  d i f f e rence  i s  stat is t ica l ly  
s ign i f i can t  a t  t h e  95% confidence leve l .  Conversely ,  I nd ian  Head l i gn i te ,  a more 
a l iphat ic  coal, p roduces  a t a r  cons i s t i ng  o f  p r i m a r i l y  small and  highly subs t i t u ted  
aromatic compounds. T h i s  i s  poss ib l y  d u e  t o  cleavage o f  h y d r o  aromatic un i t s  in 
t h e  coal a t  methy lene b r i d g e s  a n d  react ions w i t h  avai lab le hyd rogen .  

T h e  good co r re la t i on  between t h e  quan t i t i es  o f  compounds in I n d i a n  Head t a r  
and  t h e  therma!  s tah i ! i t ies  o f  those compounds ind icates t h a t  t h e  o rgan ic  u n i t s  fwnd 
in t h e  t a r  a r e  t h e  s u r v i v o r s  o f  t he rma l  deg rada t ion  processes in t h e  gas i f i e r .  A t  
t h e  same time, however ,  t h e  re la t i onsh ips  between t h e  compound t y p e s  in t h e  t a r  
and  those obta ined f r o m  mi ld  so l ven t  e x t r a c t i o n  condi t ions sugges t  t h a t  t h e  
molecular s t r u c t u r e s  in t h e  t a r  a r e  determined n o t  o n l y  by thermal  processes b u t  
also by s t r u c t u r a l  re la t i onsh ips  in t h e  p a r e n t  l i gn i te .  

Since t a r  s t r u c t u r e s  v e r y  l i k e l y  r e f l e c t  coal s t ruc tu res ,  d i f f e rences  in t h e  t a r  
analyses can b e  re la ted  t o  s t r u c t u r a l  d i f f e rences  in t h e  coals. T h e  development o f  
an  unders tand ing  o f  t h e  e f fec t  o f  t h e  molecular f rameworks  in coal and  t h e  l ike ly  
mechanisms o f  t a r  format ion w i l l  ass i s t  in assessing a n d  p r e d i c t i n g  t h e  chemical 
n a t u r e  o f  such  e f f l uen ts .  
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